BACKGROUND Older women presenting with ST-segment elevation myocardial infarction (STEMI) are less likely to
Acute myocardial infarction (AMI) continues to be a major cause of morbidity and mortality and affects a substantial proportion of the population (2) (3) (4) . Recent data suggest that the hospitalization rates for AMI in younger patients have remained unchanged in the past decade (5) . However, there is a paucity of data on the contemporary trends and sex differences in reperfusion and outcomes in younger patients with ST-segment elevation myocardial infarction (STEMI).
In this study, we describe the temporal trends in reperfusion (thrombolysis, percutaneous coronary intervention [PCI] , and coronary artery bypass grafting [CABG] ) and in-hospital outcomes of STEMI in younger adults (18 to 59 years of age) in the United States. It has been previously reported that women are less likely than men to undergo revascularization or invasive procedures for AMI (6, 7) . Hence, we analyzed the sex-stratified trends in reperfusion to further study the temporal changes over the study period. to identify all patients 18 to 59 years of age with the principal diagnosis of AMI (n ¼ 1,588,206). We chose the principal diagnosis because it is considered the primary reason for hospital admission. We excluded hospitalizations with missing data on patient age, sex, length of stay (LOS), or in-hospital death (n ¼ 947). We also excluded discharges in which patients were admitted and discharged alive on the same day (n ¼ 41,746). Lastly, we excluded discharges in which patients were hospitalized from other hospitals (n ¼ 182,020) to avoid duplication of records, leaving a cohort of 1,363,492 patients with AMI.
Patients with the principal diagnosis of STEMI were then identified using ICD-9-CM codes 410. Khera et al.
OUTCOMES MEASURED. We initially studied the overall and age group-specific trends in proportion of STEMI in younger men and women with AMI.
We then examined the trends in thrombolysis, PCI, and CABG in younger men and women with STEMI.
Our primary outcome of interest was all-cause, inhospital mortality, defined as "died" during the hospitalization encounter in the NIS database. The average LOS was used as a secondary outcome. We analyzed the overall and age group-specific trends in in-hospital mortality and LOS in younger men and women with STEMI. We also compared differences in proportion of STEMI, use of thrombolysis/PCI/CABG for STEMI, in-hospital mortality, and LOS among younger men and women. Table 1) . Women were less likely to be smokers and less likely to have dyslipidemia, known coronary artery disease, family history of coronary artery disease, prior MI, prior PCI, prior CABG, and atrial fibrillation (p < 0.001 for all).
There was an increasing trend in smoking, dyslipidemia, coronary artery disease, prior MI, prior PCI, diabetes mellitus, hypertension, obesity, peripheral vascular disease, and chronic renal failure in both
Revascularization for STEMI in the Young younger men and women over the study period (Online Tables 2 and 3) . Table 3 ).
PCI USE WITH INCREASING NUMBER OF COMORBIDITIES.
To study the influence of baseline, coded comorbidities on PCI use rates, we divided younger men and women into 4 groups on the basis of the number of Continued on the next page Khera et al.
Elixhauser comorbidities (0, 1, 2, and 3þ). Younger women were less likely to receive revascularization in all groups, and the revascularization disparity between younger men and women was greatest in patients with zero comorbidities (9.3%) and least in patients with 3þ comorbidities (3.3%). The interaction between sex and number of comorbidities was significant in the multivariable model (p interaction <0.001) (Figure 3) .
TRENDS IN OUTCOMES.
Our primary outcome of interest for this study was in-hospital mortality.
Younger women had higher in-hospital mortality compared with younger men in the overall study pop- Table 5 ).
DISCUSSION
In this large, multi-institutional, population-based observational study of younger adults in the United
States, we observed that among patients with AMI, women were less likely than men to present with Values are mean AE SD or n (%). *Bed size categories are specific to hospital location and teaching. †Comorbidities Our findings of lower STEMI rates in younger women as compared with men parallel those of previous studies (12, 13) . Rates of STEMI in the general Revascularization for STEMI in the Young population have declined over the last several years, as shown in numerous recent studies (4, 14, 15) . Our current study extends these findings to younger adults between 18 and 59 years of age.
We observed that younger women with STEMI were less likely to receive revascularization than younger men. We also found that whereas the use of thrombolysis and PCI increased over the years in both men and women, the use of CABG decreased. Previous reports on the overall STEMI population have also described similar findings (7, 16, 17) . Women with STEMI also experience treatment delays post-hospital arrival with significantly longer doorto-electrocardiography, door-to-needle, and doorto-balloon times (7, 17, 25) . Of note, men are also more likely than women to die before arrival to hospital and this may possibly confound the excess inhospital mortality observed in women (26) . Using data from GWTG-CAD, Bangalore et al. (27) previously reported that compared with men in the corresponding age category, both younger and older women with STEMI are less likely to receive guideline-recommended medical therapy both at admission and at hospital discharge. Interestingly, there was a significant interaction between age and sex such that sex differences in STEMI performance measures were greater in the younger cohort than the older cohort. Data from the VIRGO study also
showed that young women with STEMI were more likely to exceed in-hospital and transfer-time guidelines for PCI than men and more likely to exceed door-to-needle times. After multivariate adjustment, sex was found to be an independent factor in exceeding reperfusion guidelines (18) . Additional pathophysiological differences could contribute to the higher mortality in younger women with STEMI.
Younger women have less extensive coronary artery disease and they have lesser myocardial ischemic preconditioning, resulting in a greater vulnerability to acute ischemia (28) . Contrary to the declining mortality rates in the overall STEMI population (14, 16, 29) , there was a significant temporal increase in risk-adjusted in-hospital mortality in younger men and women with STEMI. In contrast, Gupta et al. (5) recently reported a decline in observed in-hospital mortality in younger women but not in men with
AMI (STEMI and NSTEMI). Patients with NSTEMI
represent a lower-risk population and were not included in our current study. Furthermore, we found an increasing trend in "risk-adjusted" mortality.
Possible explanations for these adverse trends may include increasing comorbidities, atypical symptoms, delayed presentation, and unmeasured covariates. *Adjusted for demographics, hospital characteristics, and comorbidities. †Risk adjusted mortality rates were not calculated for younger men and women age 18 to 29 years because of small sample size and small number of events.
Abbreviations as in Table 3 .
whether post-discharge mortality was different between younger men and women to offset the sex difference noted in in-hospital mortality. Patients in the NIS database are not linked, and as a result we were not able to differentiate initial STEMIs from subsequent STEMIs. Given the lack of angiographic data, we were not able to account for extent and severity of coronary artery disease, and the reason why revascularization strategies were not used in individual patients could not be ascertained.
There was no information available on important 
CONCLUSIONS
Among younger adults with AMI, women were less likely to present with STEMI as compared with men.
There was a decline in proportion of STEMI in both younger men and women over the study period.
Younger women with STEMI were less likely to receive revascularization and had higher unadjusted and risk-adjusted in-hospital mortality as compared with men. There was a temporal increase in the use of revascularization in younger adults with STEMI. Riskadjusted in-hospital mortality increased, whereas LOS decreased over the study period in both younger men and women with STEMI. These data present a persisting opportunity to improve national STEMI care processes and outcomes, and to bridge the sexdisparity in providing care to younger patients with STEMI.
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